Neoplasia is uncommon in cetaceans. 19, 24 In a recent review, 19 only 41 confirmable tumors were reported from cetaceans. Organ systems most commonly involved were the gastrointestinal tract (31%), skin (24%), and the female reproductive tract (21%). Of these tumors, benign mesenchymal neoplasms were most common (49%), followed by benign epithelial neoplasms (38%), malignant epithelial neoplasms (8%), and malignant mesenchymal neoplasms (5%).
Confirmable lymphoid and hematopoietic neoplasia in cetaceans are rare. A prolymphocytic malignant lymphoma of the spleen and mesenteric lymph nodes and eosinophilic leukemia and leukemic lymphoma in the spleen, liver, lymph nodes, and kidney have been described in Pacific white-sided dolphins (Lagenorhynchus obliquidens). 21 Hodgkin's disease has been diagnosed in multiple lymph nodes of a fin whale (Balaenoptera physalus) 32 and killer whale (Orcinus orca). 35 Malignant lymphoma has been described in a beluga whale (Delphinapterus leucas), 13 and, recently, myelogenous leukemia was reported in a bottlenose dolphin (Tursiops truncatus). 12 In this report, the histopathologic, ultrastructural, and immunohistochemical features of polymorphic immunoblastic malignant lymphoma in a cluster of dolphins are described. This lymphoma classification is compared with similar virally associated tumors in other mammalian species.
Three adult female Atlantic bottlenose dolphins (Tursiops truncatus) (dolphins 1, 2, and 3); 1 adult female Atlantic spotted dolphin (Stenella frontalis) (dolphin 4); and 1 yearold female pantropical spotted dolphin (Stenella attenuata) (dolphin 5) were necropsied between August 1994 and June 1996. Four dolphins were free-ranging in Florida coastal waters. Two of these dolphins stranded alive (dolphins 2 and 5). One dolphin was found dead entangled in fishing gear (dolphin 4), and 1 dolphin died due to a shark attack (dolphin 3). Dolphin 1 was housed at a marine mammal facility in Mississippi and had a 2-year history of intermittent anorexia and lethargy with a terminal nonregenerative anemia and leukopenia.
Free-ranging and stranded dolphins were necropsied by members of the Southeastern Marine Mammal Stranding Network and US National Marine Fisheries Service personnel. Consistent gross lesions reported in all dolphins were hepatomegaly, splenomegaly, and lymphadenopathy of the prescapular, mediastinal and mesenteric lymph nodes. No other consistent or significant gross lesions were reported. Bone marrow was not examined.
Lung, heart, liver, spleen, forestomach, fundic stomach, pyloric stomach, pancreas, adrenal gland, intestine, and prescapular, mediastinal, and mesenteric lymph nodes were collected from all dolphins and placed in 10% neutral buffered formalin. Formalin-fixed tissues were routinely processed, embedded in paraffin, sectioned at 5 m, and stained with hematoxylin and eosin (HE) for examination by light microscopy. Formalin-fixed portions of lymph node, spleen, and liver were also examined by transmission electron microscopy. a For immunohistochemistry, additional 4-m paraffin sections of liver, spleen, lung, and lymph nodes were stained with a commercially available rabbit anti-dolphin HϩL IgG. b A standard avidin-biotin-peroxidase complex staining technique c was used. 22 In all cases, splenic histologic architecture was widely effaced by solid to loose sheets of a mixed population of small to large polymorphic lymphoid cells (Fig. 1 ). The predominant cell type was plasmacytoid. These round cells had a variety of sizes and shapes with generally distinct cell membranes (Fig. 2) . The cytoplasm was scant, amorphous and lightly basophilic to eosinophilic and occasionally contained a prominent perinuclear halo. The nuclei were round, pleomorphic, hyperchromatic, and placed eccentrically or centrally in the cell. Nuclear chromatin was homogeneous or marginated at the nuclear membrane, and one or more prominent nucleoli were present. Mitotic figures were common and often bizarre (Fig. 2) . A second cell type was smaller and had cytologic features of fairly typical plasma cells ( Fig.  1) . Rarely, multinucleate cells and macrophage activity conferring a ''starry sky'' appearance to the tumors were present.
Additionally, in all cases, the liver contained similar tumor cells. These cells were found diffusely throughout liver in small adherent sinusoidal clusters. The lymph nodes (dol-phins 1, 2, and 5) and lungs (dolphins 1 and 5) contained similar tumor cells arranged in solid sheets with architectural effacement (Fig. 3) or multifocal interstitial nodules, respectively.
Ultrastructural examination of the neoplastic tissue further supported the histologic observations. Many of the large plasmacytoid cell nuclei had a heterochromatic pattern, and the cytoplasm contained abundant, stacked, rough endoplasmic reticulum (RER) (Fig. 4) . In some instances, these cells were oriented in a direction that allowed the centrisome to be devoid of RER and become occupied by a Golgi apparatus, mitochondria, and centrioles. A few cells had less developed RER, and occasionally the RER was filled with a substance of medium electron density. Additionally, some cells contained Russell bodies.
Immunohistochemically, dolphin IgG was demonstrated in the tumor cells from all cases (Fig. 5 ). Positive reactions appeared as diffuse or multifocal, finely granular brown staining. Occasionally, the larger anaplastic immunoblastic tumor cells stained less intensely than the smaller differentiated cells. Plasma cells from control dolphins were also immunoreactive to dolphin IgG. The negative controls were not immunoreactive.
Immunoblastic lymphoma is classified as a high-grade large-cell lymphoma in humans and domestic animals. 29 This lymphoma typically displays a wide range of histomorphologic features. In some cases, the tumor cells have plasma- cytoid features. These cells are approximately 5 times larger than small lymphocytes. The tumors in these dolphins had a similar pattern and range of cell types, with plasmacytoid cells predominating in numbers. Using the updated Kiel classification system for descriptive purposes only, 25 the tumors in these dolphins were classified as high-grade polymorphic immunoblastic lymphomas. Ultrastructurally, many of the tumor cells had features characteristic of plasma cells. This was not unexpected. In plasma cell myeloma, the neoplastic plasma cells do not differ markedly in structure from normal plasma cells. 9 Characteristic features of plasma cells are cytoplasm of predominantly RER and a polarized nucleus with clumps of heterochromatin along the nuclear membrane. 33 Typically, however, the lumen of the ER of a normal plasma cell contains immunoglobulin represented as an amorphous substance of medium electron density. While abundant RER was seen in the plasmacytoid tumor cells, immunoglobulin was not seen in some tumor cells, which suggests the absence of immunoglobulin synthesis. This may explain the variability in tumor cell IgG immunohistochemical staining.
A similar absence of ER cisternal distention with immunoglobulin has been reported in some plasma cell myelomas. 9 The immunohistochemical demonstration of tumor-cellassociated dolphin IgG strongly indicates that these tumors were of a B-cell phenotype. In other species, polyclonal IgG primary antibodies immunostain plasma cells and germinal center B cells in paraffin-embedded lymph node tissue. 7 Phenotypically, immunoblastic lymphomas are usually heterogeneous. In domestic animals and humans, approximately 80% of immunoblastic lymphomas are of B-cell origin; most of those remaining are T-cell tumors. 10, 29 Previous studies attempting to phenotype canine lymphomas and dolphin and manatee lymphocytes have been hampered by the paucity of specific markers. 5, 8 The unavailability of specific monoclonal antibodies to dolphin lymphocyte antigens prevents further immunophenotyping in these cases.
Similarities exist between the dolphin lymphomas and those of other species with this tumor. In immunoblastic lymphoma in humans, cows, sheep, horses, cats, and dogs, liver and spleen involvement is not uncommon. 10, 29 The tumor cells often form large destructive masses, and the disease is rapidly fatal if not treated. The live-stranded dolphins in this study probably were terminally ill. It is likely that the disease probably predisposed dolphin 3 to shark predation and dolphin 4 to entanglement in fishing gear. In the future, close pathologic examination of dolphins that are presumed to die from ''natural'' causes or ''accidental'' net entanglement may demonstrate underlying pathologic lesions that predispose them to these terminal events. This is the first description of immunoblastic lymphoma in dolphins. The occurrence of this neoplasm in 5 dolphins in a 24-month period from the same geographic region is unusual and suggests genetic, environmental, and/or infectious etiologic factors. Clusters of lymphomas have been reported in cats, cattle, primates and ferrets. 6, 11, [15] [16] [17] Among unrelated animals, clustering suggests an infectious etiology and has aided in the discovery of retroviral-induced lymphomas in several species. 1 Oncogenic retroviruses that induce large cell lymphomas have been reported in cats, cattle, sheep, and some free-ranging and domestic avian species. 2, 7, 23, 29, 31, 34 High-grade polymorphic B-immunoblastic lymphomas associated with retroviral infections have been described in humans, nonhuman primates, cats, and ferrets. 7, 16, 18, 26, 30 Retroviral infections have not been reported in marine mammals. However, viral-induced lymphoma has been speculated in harbor seals. 20 While retroviral particles were not seen in these cases, a retroviral etiology cannot be ruled out. The determination of the presence of reverse transcriptase activity in fresh tissues may help establish retroviral-associated oncogenesis.
Additionally, in humans, immunoblastic lymphoma is often associated with a previous history of immunologic disorders and non-retroviral-associated immunosuppression. 10 Similarly, polymorphic immunoblastic lymphomas have been linked with chronic immunosuppressive infections in other species. 15 Free-ranging and captive dolphins with known viral infections often show secondary signs of immunosuppression. 4, 27, 28 Further investigation of infectious and/or environmental factors resulting in immunosuppres-sion may provide important information if this neoplasm continues to be reported.
